INTRODUCTION
It is well known that starch consists of amylose and amylopectin. Starch usually exists in the form of starch granules and deposits in the endosperm of grain. Starch granules present a semi-crystalline structure [1] . Starch makes up the main carbohydrate in the endosperm of wheat grain, and it plays a multifunctional role in food or non-food industries [2, 3] .
When heated at high water contents, starch changes from semi-crystalline structure to amorphous state, that is, resulting in full gelatinization [4] [5] [6] . During storage, the gelatinized starch rearranges to form close structure causing the phenomenon of retrogradation. Given this, many food additives are used to improve the sensory properties and put off staling of starches because they can prevent the gelatinized starch from recrystallization to some extent [7] .
Today, the concept of functional foods is based on the use of nutrition knowledge in the food industry with the aim of improving consumers' health [8] . It is reported that some functional oligosaccharides such as fructo-oligosaccharides (FOS) and xylo-oligosaccharide (XOS) may have some anticarcinogenic effects [9] [10] [11] . They can promote the growth of bifidobacteria and lactobacilli. These substances are named as prebiotics. Functional oligosaccharides also have some health benefits similar to those of fermentable dietary fiber and resistant starch [12] [13] [14] [15] . Hence, the functional oligosaccharides are more and more widely used in food and pharmaceutical industries.
The objective of this paper was to compare the effects of several ordinary oligosaccharides (sucrose, maltose and lactose) and two kinds of functional oligosaccharides (FOS and XOS) on the properties of wheat starch. The iodine blue value, retro-gradation, pasting properties, water activity and aging properties were determined in order to investigate the application of functional oligosaccharides in the food and pharmaceutical industry.
EXPERIMENTAL Materials
Wheat grains were provided by the Wheat Research Center, Henan Institute of Science and Technology, China. Sucrose, maltose and lactose were purchased from Tianjin Kemiou Chemical Reagent Co., Tianjin, China. FOS and XOS were purchased from Henan Tianrun Biological Technology Co., Henan Province, China. Other reagents and chemicals were of analytical grade.
Isolation of starch
The wheat starch is isolated according to the method of Kasemsuwan et al [16] . The isolated starch was washed with water and ethanol, and filtrated by using filter paper, and then dried in a convection oven at 32 °C for 48 h.
Determination of blue value
The blue value (BV) was determined in triplicate according to the method of Zeng et al [17] . Amylose could bind with iodine to form a blue compound, and the BV was the extinction at 620 nm when samples were scanned from 500 to 800 nm with an Ultraspec III UV-visible spectrophotometer (Amersham Pharmacia Biotech, Uppsala, Sweden). The addition of oligosaccharide was based on the weight of wheat starch, viz, 0.1, 0.2, 0.3, 0.4, 0.5 g per 1 g wheat starch, respectively. The absorbance was recorded at 620 nm and used as BV. The data were mean of three replicates of each wheat starch sample. The sample without oligosaccharide was used as control.
Evaluation of retrogradation properties
Retro-gradation of wheat starch samples was determined according to the method of Zeng et al [17] . Starch retro-gradation property was calculated by supernatant volume (SV) after standing for 24 h. The addition of oligosaccharide was based on the weight of wheat starch, viz, 0.1, 0.2, 0.3, 0.4, 0.5 g oligosaccharide per 1 g wheat starch. Each wheat starch sample was measured three times and the mean supernatant volume was recorded as the SV. The sample without oligosaccharide was used as control.
Determination of pasting properties
Pasting properties of the wheat starch were measured with standard 1 method by Rapid Visco-Analyzer (RVA) (RVA-Tecmaster, Newport Scientific Pty. Ltd., Warri wood, Australia). Each wheat starch solution (3 g wheat starch, 1 g oligosaccharide and 25 g distilled water) was maintained at 50 °C for 1 min. It was then heated to 95 °C in 3.7 min and maintained at 95 °C for 2.5 min. The sample was then cooled to 50 °C in 3.8 min, and maintained at 50 °C for 2 min. A rotating paddle at a speed of 160 rpm was used during the preparation of paste except that the paddle speed was 960 rpm in the first 10 s.
Measurement of water activity (Aw) during drying
Wheat starch (30 g) and oligosaccharide (30 g) were placed in a big beaker; 170 mL of distilled water was added, stirred well, heated up to 100 °C and kept for 30 min, while still stirring during the heating. When the wheat starch was completely gelatinized, the starch paste was poured into several petri dishes and cooled to room temperature. Aw of the wheat starch paste was determined by a water activity detector (HD-4, Suzhou Qile Electronic Technology Co, Ltd, Suzhou City, China). The gelatinized starch was dried by hot air drier (9030A, Nanjing Mingshida Drying Equipment Factory, Nanjing, China) at 45 °C. Aw was determined every 3 h during drying. Each wheat starch paste was measured three times and the data was recorded.
Measurement of water activity during storage
Wheat starch paste was prepared as described under water activity and stored at 4 °C for some days (0, 3 and 6 days). The water activity (Aw) of the paste samples was determined every three days. Each wheat starch paste was measured three times and the data was recorded.
Determination of melting enthalpy
Wheat starch paste was prepared as described for water activity determination. Half of wheat starch paste was stored in a refrigerator at 4 °C and the rest was stored in an ageing oven (KY401A, Kaiyuan Test Machinary Factory, Jiangdu City, China) at 30 °C for 0, 2, 4, 6 and 8 days); thereafter, 5 mg of the paste was placed in a differential scanning calorimeter (DSC, Q200, TA, USA). The cooling rate was 5 °C per min over the temperature range of 30 to -45 °C. Indium and zinc were used as the reference standards. Melting enthalpy (△H) was recorded.
Each starch paste sample was measured three times and the mean data recorded. Fig 1 shows the BV of wheat starch containing various amounts of oligosaccharides. The BV of all the samples containing oligosaccharides changed significantly compared to control. There was an increase in BV when FOS was added at 0.2 g and XOS or sucrose at 0.1 g, while the BV of wheat starch decreased with increase in FOS, XOS and sucrose. However, the BV of the samples containing maltose and lactose showed a downward trend. Fig 2 shows the SV of wheat starches with varying contents of oligosaccharides. SV slightly increased with increase in sucrose or lactose addition. When of sucrose or lactose was added at a level < 0.4 g/g starch, the retro-gradation of wheat starches was accelerated. Maltose showed no obvious effect on the retro-gradation of wheat starch while XOS or FOS showed significant effect on the retro-gradation of wheat starch with a sharp decrease occurring when when the amount added was < 0.3 (g/g starch). SV increased when the addition of FOS and XOS < 0.3 g/g starch). Fig 3 shows the RVA viscosities of wheat starch samples with oligosaccharides while Table 1 summarizes their characteristics. All the oligosaccharides increase the peak viscosity of wheat starches and the highest is observed in the sucrose samples. In addition, the setback (= Final -Trough) of all the samples decrease and the lowest is observed in the FOS samples. However, the breakdown (= Peak -Trough) of all the samples increase compared with control. The peak time of all the samples reduces and the pasting temperature decrease after adding oligosaccharide. 
RESULTS

Blue value (BV)
Retro-gradation properties
Pasting properties
Melting enthalpy with storage
From Fig. 6(A) , during storage at 4 °C, the melting enthalpies of all the samples added oligosaccharides are lower than that of the control. Among the five kinds of oligosaccharides, XOS showed better anti-aging effects because the melting enthalpies are almost no change. Fig 6(B) shows the change in the melting enthalpy of wheat starch gels stored at 30 °C. Compared with the samples stored at 4 °C, the enthalpy of the control increased by 20 J/g and the enthalpy of adding XOS increases by 47 J/g when stored 3 days. However, enthalpy decreased after storage for 6 days. The melting enthalpies of all the samples containing oligosaccharides were lower than that of the control. Among the five oligosaccharides, FOS showed better anti-aging effects.
DISCUSSION
Through iodine binding test, it was found that a number of sucrose, XOS and FOS could bind water molecules by hydrogen bonds, thus promoting the combination of iodine and starch molecules, while a large amount of sucrose, XOS and FOS might interfere with the iodine binding All the oligosaccharides increased peak viscosity and decreased the setback of wheat starches. This indicated that oligosaccharides could improve the pasting properties of wheat starch to some extent.
It is well known that the growth of microorganisms and physiochemical reaction are not only affected by water content, but also by the aqueous environment [18] , that is A w . A w has been widely used to control and predict chemical reactivity in foods. During drying, the A w of the samples added oligosaccharides was higher than that of the control due to the weak bonding between water molecules and starch molecules, and thus there was a large amount of free water in the gel system. These results indicate that oligosaccharides are hydrophilic components which can bind water molecules by hydrogen bonds, and the bound water molecules was not easy to remove from the starch paste during drying.
During storage, the A w of all samples went down because of the continuing binding of water molecules. The A w of samples added oligosaccharides went down more than that of the control, because oligosaccharides continued to bind water molecules through hydrogen bond during storage. Among the five oligosaccharides, the A w of samples added XOS and FOS showed lower A w value, thus it is inferred that these two oligosaccharides exerted higher hydrophilic ability than the others. The lower the amount of free water, the lower the water activity of the starch paste. In this light, oligosaccharides could bind a great deal water molecules and inhibit the aging of starch.
When wheat starch paste was stored for a period of time, the starch molecules gradually aged. Part of the water molecules which bonded with starch molecules during gelatinization are released free from the starch molecules because of recrystallization. Therefore, the content of free water in the starch paste increased. The more the free water the greater the melting enthalpy. This indicates that the aging rate of starch would be faster [19] . DSC analysis showed that the melting enthalpy of all the samples containing oligosaccharides was lower than that of the control after storage at 4 and 30 °C. In general, XOS and FOS showed more pronounced effects on the properties of wheat starches.
CONCLUSION
Oligosaccharides affect the physicochemical properties of wheat starch. XOS and FOS showed significant effects on the properties of wheat starches; for example, they interfered with iodine binding behavior, inhibited the retrogradation, increased peak viscosity and decreased setback. In particular, during drying and storage, XOS and FOS retain water molecules in wheat starch paste and exerted better anti-aging effects. These changes may improve the application value of wheat starch in the food and pharmaceutical industries. 
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